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(54) POLYMERIZATION INITIATOR SYSTEM AND PRODUCTION OF POLYMER USING THE 
SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a polymerization 
initiation system useful for producing a polymer having a 
narrow molecular-weight distribution and a controlled 
molecular weight. 

SOLUTION: A vinyl-based monomer is radically polymerized 
in a living way in the presence of a polymerization initiator 
system composed of a metal complex (A) of the formula (A 
is carbon or phosphorus atom; M is a transition metal 

element; X is an organic group which may contain an oxygen (xj — ^ 
atom or a nitrogen atom; (k) is an integer of 2-8; (m) is 1 or 
2) and a radical initiator (B). In the metal complex (A), the 
metal element M is a transition metal element of the groups 
7-1 1 of the periodic table. The radical initiator (B) is an azo 
compound, an organic peroxide, an inorganic peroxide, or the 
like. The ratio of the metal complex (A) and the radical 
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initiator (B) is the former/the latter of about 0.1/1 to 10/1 {molar ratio! 
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C M^S#^xxx;u<tLT(i, tKP^v7;u^;u(^)7^u-KtKp^vx^ 
JM^WJU— K tKP^v^Pt°;u(^)7^gb-h^^0)tKpdrvc 2 _ 10 -7;u 

So 

[0049] a, & -^mutUl^WiT^tLZlt, (^)7<7'J;U75h\X[*-t*LP) 
<&i£gtt;(0i]a.[^ N-^;u(^)7^'J;U7SK&£\ n, N-v^;K^)7<7'j;u 
75h\ N-^P-;U(^)7<7U;U75K^), &SLM*^*LP>[Z»j£-rS7-7;U|j| 
75h*(7-7;U75h\ 7T;U75KIIX(i^tlb(Dl^S^d:^)^^WJ^^#S 0 
[0050] a, jS -^fi&?P*;U7t?>»>r5KtLT[*, mz.l£s T^5KXI*-t<DSI»ft 

[0051] a, jS -^fi&jfp-h'j;uc[4, (^)7^ l JP-hU;^ci:^(7)v7>'fbe v -;Mb 

[0052]*;U/t^e_;uxxx;u<!:LT[i, ¥Hi£-;k Sllt^ik 7°Pt°*>i£ 
e_;u, e/^'j^if-^^ifwcH^^^/K^e-^xxx^c^icc,.^^^^ 

[0053]ftfS:vx>^«f^LT[i, 7^vi>, WJls^s ^PP^UX 

1 , 3-^yi>, 2, 3-v^^;U-1 , 3-7>yi>, t°^Ux> x 3-^>;U 
-1, 3-7j-^7^vX> N 7x-;U-1 , 3-^vx>^<if(7)C 4 _ 16 vx>(^^L<[iC 4 . l0 

[0054]7hU^>^Mf^LT(i, x^U>, ^°PtV>, ?x>K7?x>&<*:)& 

<^(7)c 2 _ 10 7;u^>(W*L<[ic 2 _ 6 7>iu^>^a^^WJ^-e^So 
[0055]/\p^Vfbbf -;u<tLTl£, >^btf-;u, £<btf=;k aibtf-;u&£\ Sfc. 
/NP^btf-'Jx^tLTl*, ^btf-'Jx^, Mstf^'Jxi/* a-fbtf-Uf^fr^ 

[0056]/1s°UT-^(7)/NP^(D^A^M[tS(3li,#/\P>f>^mM^^ffl-rS 

(7)^^L^ 0 ^L^e-;u^s^lix^u>^m«{«t;(^)7<7'j;u^m 
*tt((**WJ;Hk (y^)7<7 | J;Htxx^;K^[zy^^'j;Hi^^;u N 7<7'j;Hi 
c 2 _ 10 7;u^;uxxt l ;u^<^) , (^^)7^ i ;p-i- l j;^d:^:)^^feSo 
[0057]|fjiHe-;u^mM^(i^X(i-fim±lfl^^iiT^ffl^So-fim 



[0059]e-;u^m«{*<tltiIES^IS^iJ^<ta)iij^ii, fly*!*, e_;u^m«^ 
/^v*;i^$££ij(b) =5/1-10000/1 (^uJt)fSJt(DfGlSfrbMIR^®^ 

5/1 -5000/1 (^E;W±)ISJtT?fo£ 0 

[0060]S£{*<A#^M[^ift¥t^Ts(Mn)^1, 000-500, 000 N £?£L< 

500-100, 000gJg^fey % #Tm#*lT(Mw/Mn)li % 1. 05~2 N £?£L< 
1*1 . 05-1 . 9(01*1*, 1 . 05-1 . 7)gj£T*&6„ 

[0061 ]tf ^;i/^*tt:<Z)S^^[*, ^(zfiJPI^ti-r, 0i];Ltf, # 

tts^s mmns, $utm^, mt-mmm^^tmmx^ 0 
[oo62]^s^^^aii^, mt&tLxits mzmmisH?\ mmorn^ 

7K^(v^p^^>4^) Jitt^m^7K^(^^>, 7h^>^^),^h>^i(7-tr 
>^;ux^;u>rh>, i/^P^^/V&^K i-f^i(^^>(l , 4— SxtI- 
xh^tKP^V^a, xx=;u^(jfr&x^;ufc£) % 75K®(N, N- 

#<g> 0 ^[zh;ux>, x^;u^>-t£>, ^>-t£>, N, N-i/*? L ;U7fc;uA7'5K£ifj&<ff 

[0063]S£(i, e^;i/**ft(DS3S(cf5i:Ts «JEXI*ftiJETW3^t3&^*o 

$J*(i\ 0~200 o C|SJt<DJ7i^fEfflfrbS}RT:^\ 50~200°C, fc?£L<l£60 

~16O°C(0I]*[£, 80-140°C)|SJt(DtE!ll^bSiR'e^^o 

[oo65]s^ii, sin, T)^y^0^}^i3 7.(Dmm%Ts mz.it s 

[0066]S£f*Ii, mz-lt, S£J£f&0)gL ^[c«fcy s ;WC#f?U m^S^Tr 

mih^tz^,mm^mm^<om^n.j&^^t^tiz^i)^nnmLxt 

[0067]*#gej<7)S£^£lJ£(*, fI^(Dex;U^^j^[ Z Ji ffl ^ N £ fcs ±| S(7 ) 

m%im,m^m^^*^-u£iizmmx$z> 0 

[0068] 

v%mo^m^%mx\t^m(D^m^t^y±^fmm^m^^t^\u^ 
^m^m^m^rmm^m^t,m^(D^-j^mmit^jif^miz^ 

m3k&Mw?&zttfx-Zs#*w#ft<Dm*m$i*&%&zttfx-z&o 



[0069] 

mmnm%Tx*m\ mmwjt^mfr^mmiz&mwLx&fcmz&Ltz 0 £ 
^mmmLx^imuzo 

[oo7^mMm&^$ttm^xm^Mzn£{*on£mtftl L m\t, Ttttmz&y 
c (fo)mmmm, ±?A:PEG6ooo)%m^xft%mm&(ft%mmtm-.^ 

XWftLtzo 

(fl^m) IS^^^m ( Mn) Sdlif^^i ( Mw) It, ^-5i-va>^ 
□ ■7H77^-(GPC, B*^3t(tt)i[)*ffl^TTSE^T*;lSLfco 
[0072] 

:Shodex K-805L, 3*UWM% : P*;UA*7A£Jt : 40°C^ttifl : 

3fEiS :1ml_/#||JS0l]lKU(N, N-ylf ^vf^Jl//\7 — h)f&70. 1mg(0. 
Hmmol, 20mmol/L)^T;U^>#S|^T'evzLU>>7J5J^ , ll3||#L, ^C'VX 
6mL(14mmol, 2. Omol/L) „ xh^tKP^^UM). 33mU K>UX> 
4. 44mU AIBNh;UX>;^;^(;I^0. 25mol/L)0. 56mL(0. Hmmol, 20m 
mol/U^JjPLT, +*Nf #Lfc 0 1 rnLt^UWi^z.^Udk. 1 2 

[OO73]J5J^0#r B 1^9B#r B 1SU48B#r B miiUc0#^T:\ S£J5f&&£-78 t fclOfr 

sp«c<t(z^ys^rJ5^f ±$#fc 0 S^$ii90#r B mii^-e3o%, 48B#p B m 

m'&X70%X&^tz o 

[oo74]s^;^h;ux>-e#^L^tt, o^^yiz^y^iim^^^^L, $ 

bfCiiiMftttf^&^l^ 

RXS^m^it, 9B#r B 1^ii^-eMn = 2600, Mw/Mn = 1. 23 N 48B#P B 1ifgi& 
&T?Mn = 5100* Mw/Mn = 1. 1 7Tf&ofc 0 ^bftfol^X^UMilvf *Un GP 

[oo75]nwij2s^sjt^i 4o°c, j5JSstr B i^4B#r B i^{;3O0#r B i<fr^)ja^(iii 

lil (tlMClS^^Tofco 4B#P B 1l£iit£, S£$l£40°/o N Mn = 3000 N Mw/M 
n = 1. 30^f^miks S-n¥li80%, Mn = 6000 N Mw/Mn = 1 . 26 

T-fcofco m^ntzA-sijxT^t^tti^ GPcmmmm^xh-Dtzo 

[0076]HWiJ3h'M(N, N-vX^;Uv^^;U/^-h)$^30. 5mg(0. 07m 
molJOmmol/DffflU &fcftr£l&8ffl$Rtf50#fflt?&l>Mltmfamit 
m^iZft^tzo 80#r B 1^iitts S£W40%, Mn = 3400 N Mw/Mn = 1. 57T?fo 
50B3f B 1ifi£ii^ SB-$(i68%, Mn = 5800, Mw/Mn = 1. 491?&ofc 0 !#b 



[OO77]HJf50l]4HM(N, N- yif;i/yft*^/N7- h)tt$-1 05. 1mg(0. 21 
mmoU 30mmol/LM£fflL, J5f&B#F B 1^24B#r B 1X^1 00B#P B 1<t-f<g)Ja*mil«iJ 
1 <t|p]4i[3^To/co 240#r B 1^ii^s S"n^[i30% s Mn = 2000 N Mw/Mn = 1. 1 7 
T»&y, lOOftffifem&s S^$(i59%, Mn = 3400 s Mw/Mn = 1. 1 7Vlb'otz< 
% b tLfc/H 'JXfU> l*l vf tlti s G PCffl ||3b<**14-C&o o 
[0078]H»iJ5h l M(N, N-i/X^;Ui/^*;U/^— h)«70. 1mg(0. 14mm 
ol, 20mmol/L)^7;^>#|iimTT?VZLU>>7JSJS l i : [3||#L, ^Z^yVf U>4. 
81mL(42mmol, 6. Omol/L) , f h7tKPt7^U>1 mL s h;UX>0. 56mU AI 
BNh;UX>;§;^(;lJtO. 25mol/L)0. 56mL(0. 1 4mmol, 20mmol/L)^ 

JjPLT, +^4S#Lfc 0 1 mL-roMi^tlz^tL^^, 1 20 o C[z^p^LT 

[0079]JSJ^B#r B 1^8B#r B 1S^1 00B#r B 1iSSilL/iB#^T:\ S£J5J£^£-78°C[::# 

BtPsl^ii^s S^$(i44%, Mn = 9300, Mw/Mn = 1. 38T?feU, 1 00B#P B 1ifi£ii 
&s S-n$(i89%, Mn = 20, 500, Mw/Mn = 1. 31T?foofc 0 fibtlTi/K'MT 
L/Wilvf *Uk GPCft|g^llt14T*fcofc„ 

[0080]H»J6h'M(N, N-i/X^;Ui/^*;U/^— h)tt*35. Omg(0. 07m 
moM0mmol/L),0. 25mol/L<DAIBNf*;UX>;f|j£0. 28mL(0. 07mmoM 

Jidfrofco 24B#fH]ljSjflftH S^$(*54% s Mn = 21 600, Mw/Mn = 1. 31 T»& 
100B#fH]lgjfl^,S^*[*85%HMn = 31200sMw/Mn = 1. 30^&ofc 0 

[008l]H»j7h'M(N, N-i/X^;Ui/^*;U/^— h)ffl50. 4mg(0. 14mm 
ol, 20mmol/L)^y;U^>#|limT-evzLU>^J5l^l : [3||#L, ^Z^X^U>1. 
6mL(14mmol, 2. Omol/L) „ xh^tKP^^UM). 33mL, HUX>4. 46mL. 
AIBNh;UX>;^;S(;lJtO. 25mol/L)0. 56ml_(0. Hmmol, 20mmol/L)J 

»LT, +#«t#L/i 0 1 mL-rolitlttlc^tLTc^, 1 20°C[z^pSL 

[OO82]JSJ^B#r B 1^3B#r B 1St;3OB#r B miiL/c0#^T:\ S£J£j£££-78°C[Z# 

BtPsl^iitts S^$li34%, Mn = 4700, Mw/Mn = 1. 87T?&y % 30B#P B 1ifi£ii 

S^$(i79%, Mn = 7900, Mw/Mn=1. 60T?feofc 0 ^btlfc/K'M^ U> 
[*ivf GPCffl«|A^i^14T*&ofc„ 

[oo83]n«ij8S£SJt£i4o°c, sjs^FbI^s. 5^{;3O0#r B i<t-r^ja^(iii^ 

^J4<t|H]4i[zS^^^TO^c 3. 5B#P B 1$iii^ m-gmZ28%s Mn = 3300 N Mw/M 
n = 1. 58T-feys30B#F B 1^M^ s S^$[i89% s Mn = 6600 s Mw/'Mn = 1. 56 

[0084]H«iJ9h'M(N, N-y/<>v^yft*Jl//^- h)$$122. 2mg(0. 14 
mmol, 20mmo\/L)&TJ^ynm%TX^^\s>5fcfc < §lzm%lLs ZZ^XT 
U>1. 60mL(14mmol, 2. Omol/L) „ ^£>0. 27mL N h;UX>4. 45mL N AI 
BNh;UX>;§;^(;iJ*0. 25mol/L)0. 56mL(0. Hmmol, 20mmol/L)^ 



i)ULx-\-ttmnuc 0 m&mmzi ™\-?ium < giz% < §uz'&, -\ 2o°c\zm^x 
[oo85]^.mmr^2mr^RxS252mm^mLtzm^x\ m^^^-78°c 

240#r B 1^iitt(7)S^$(i44% N 2520#r B 1^M^(DS^$(i72%l?feo/co 
[0086]S£$£h;Ux>^f?LW£, ^MmizM^m^it^t^m^ U m 

(D^m^mLtztZ^^ 24B#rBl^ii^0^ o UX^U>(7)Mn[i34OO N Mw/Mn 
[£1 . 1 4Tr\ 252B#r B 1^ii^(7)7K l jX^U>0Mnli52OO, Mw/Mnli1 . 23X& 

[0087]||«iJ10|IWij9[Zftlvt, S£;UJt£lOO°C(ZU S£aMf±B#P B 1£l 0 

0B#r B ifc^t;407B#r B i[3L/-cm^[*, ii«']9<^*§[::m£jkj££m\ 

MLfc„ 1 00B#P B 1l£ii&<7)S£$[;J:49 0 /o, Mnl£3300, Mw/Mn(i1 . 1 1 "CfetJ. 
407B#r B 1^ii^(7)S^$[i71 Mnli5000, Mw/Mnli1 . 1 2Xfc> l J s Zfo^O) 

[0088]H»J1 lHIffl9l:fc^t, X^b>4. 81mL(42mmoU6. Omol/L), 
^£>0. 80mU h;UX>0. 71 mLCU M^OMf ±B#P B 1£8B#P B 1fc £t/69B#P B 1[Z 

<Z)S£$[*38%, Mn(i9300, Mw/Mnfi1 . 1 8X\ 69B#P B Mii&tf)m£$l£7 
6%, Mnli 1 7400, Mw/Mnl*1 . 23XfoV, ^tl&0)GPCffil§[*i&tf14T?&of::. 
[0089]H»J12h'M(N, N-i/X^;Ui/^*;U/^— h)tt70. 1mg(0. 14m 
mol, 20rnrnol/L)^T;U^>#EI^,T-evzLU>>7JSJ^l : [C||#L, ^Z^pWJ 
;HI^^;H. 50mL(14mmol, 2. Omol/L) s ^£>0. 25mU N, N-v^U 
7K;UA75K4. 62mU AIBNCDN, N- V^JU*;UA75K;g;i£(;lJf 0. 25mol/ 
DO. 56mL(0. 1 4mmok 20mmol/L)^;^J]DLt+^i#Lfco m 

[oo9o"\ ^.mmmHmr^RxS3omr^mmLtzm^x\ s£jsi£££-78 o c[c 
[0091 ]S^;^h;ux>-e#^L^tt, p^^yiz^y^iim^^^^s u ^ 

4200, Mw/Mnli1 . 77T5\ 30m^MkO^)^0^)lW.^)^(DUn\tl200. 
Mw/Mnli1 . 46-Cfey, CHbO)GPCffl||li^llt14T?feofco 
[0092]J±$£$J1 HM(N, N-i/x^;ui/^*;u/^— h)tft$-^AP1ff s K;ux> 
(7)»m£4. 51 mU ^0#r B 1^3OBtr B 1<t«miillWiJl <t|H]4i[MTo/co 30 
BtPsli^iift, E£$(£74%, Mn = 1 1300, Mw/Mn = 4. 091?&ofc 0 £fc!#b 
HtzAi 'jXfUXi, GPCffl ftgtf - tf 14T?&of::o 

[0093]J±$jM*iJ2AIBN£ffl1±-f\ HUXXDjgJjnM^S. 02mU J5fEWiS]£50B# 

p B i<t«jawiii»ij7<ti!j]*§[z^^ 



